Effect of solvation on induce-fit molecular recognition in supercritical fluid to organic crystals immobilized on a quartz crystal microbalance.
The inclusion behavior of guest molecules to a solid apohost of an orthogonal anthracene-bis(resorcinol)tetraol (1) was investigated in supercritical carbon dioxide (scCO(2)) by using a 9 MHz quartz-crystal microbalance (QCM). Compound 1 forms crystals composed of molecular-sheet bound together by an extensive hydrogen-bonded network. The selective binding of gaseous ethyl acetate to the apohost-immobilized QCM in scCO(2) was observed, and the inclusion amount of ethyl acetate showed a drastic increase above a threshold concentration, [Guest](th) = 0.08 M, and the apparent Gibbs' free energy for the binding was DeltaG(app) = -1.3 kcal mol(-1). Similar selective bindings of ethyl acetate or ethanol had been observed in the gas phase and in water: [Guest](th) = 0.002 M with DeltaG(app) = -3.5 kcal mol(-1) and [Guest](th) = 0.5 M with DeltaG(app) = -0.41 kcal mol(-1), respectively. These values obtained in scCO(2) were intermediate between those in the gas and water phases. Since various physical properties (viscosity, density, polarity, diffusion constant, and solvation) of supercritical fluid are known to be intermediate between gas and liquid, these values clearly reflect the solvation behavior of guest molecules. Thus, the lower solvation of guest molecules indicates the lower threshold concentration and the larger binding energy in the following order: in air > in scCO(2) > in water.